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ABSTRACT

In the past, Thailand did not take into account the design of earthquake resistant
structures. When the great earthquake in 2014 in Chiang Rai, many buildings were damaged.
This affects the government realize the importance of designing earthquake resistant
buildings for the safety of the public. The calculation of the building structure to withstand
the vibration of the earthquake causes buildings in many areas to have demands. Designing
more earthquake-resistant buildings

In this research, the response control of steel buildings by dampers was investigated.
A T-story steel structure building was used as an example for this study. A total of 7 cases of
friction dampers were installed in the example buildings by selecting locations according to
the possibility of installation. In addition, the damper locations were chosen to install in the
area that causes less torsion to the building. This study found that the installation of the
friction damper on the perimeter of the building caused the displacement value

(displacement) of the building is reduced the most compared to other case studies
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#1199 YesiuitulsIngane mhedu nsu (g)

Tasu S,0.1s) | §$02s)| S, (1s)| S,(2s)| §,35) | S,(45) | §,(55) | S,(65)
1 0.154 0.297 0.284 0.174 0.083 0.062 0.050 0.041
2 0.116 0.199 0.274 0.205 0.107 0.080 0.064 0.054
3 0.097 0.192 0.198 0.154 0.071 0.053 0.043 0.036
4 0.089 0.154 0.211 0.170 0.077 0.058 0.046 0.039
5 0.079 0.126 0.158 0.174 0.078 0.058 0.047 0.039
6 0.062 0.113 0.144 0.149 0.067 0.050 0.040 0.034
g/ 0.111 0.217 0.147 0.149 0.068 0.051 0.041 0.034
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oo PRSP e
afewn
Al el EinSivongd
o mwlen
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PR et
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= | &4 - v I a
EU‘VI 2.1 ﬂ'ﬁLLUQI“?IUW‘LW]LL?Nﬂﬁax‘iL‘V]WLW’eJﬂ’]i’eJ’eJﬂLLUUEJ’]@’]?G]’]UV]’]ULLNN@N‘]M’J

( wek.1303-57,n50Lg515M suas R, nsens1umaing, 2557 ) [1]



2.2.3. firUsenauAudIAgYLazUIsNNYa991A13

o1mslaignduunmudnuaznisliou uazanuddyuesemsiilideaisisasunas
mimimwﬁ&mé’uﬁ@m&;aaﬂﬁju 4 Usziam ( Occupancy Category ) fio Uszwan |, I, 1Il, waz IV Loy
aAswiazUszamiiidiuseneuanudfey (Importance Factor ) Wisldluns eenuuue1eis
FruvussiuAulwanaaty fuandunsed 2.2

A191991 2.2 N15MUNUTENNANNEIAYTDI91ATTIAL ANFIUTENDUANMNAIAY VBID1ANS

Uszum fnlsznau
ANUAIAY | amanin
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(o) GouTEUNgMINEITET VLN

() DwsINTIeIEuTIINT SElamie Wemhevuvesis Fandatiu
AUNHVIUL s sussusminium e siuly

(c) mmsmﬂwww‘luwuwwo q I usanifaauily

(@0) owmmsEVEY 9 vzmu'ﬁnﬂqswm'l‘udmw Ieausivimiuensnily

(o) DR s HwiBmITBmAsLaT UTTIMATHS uRRMANTalu Al v 15
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() ARBuATlSTuauiuI T dunnonmingrneitdsingdusso

Uszimingasie mgliln Tenlife wiolnoiuiuniad




2.2.4. N159UNTTUUIATIAS1az T30

sruviuussiuinuarss v fuimnusmnuufsedasiadaeiasoraduszuule
sruunided fmualilunnsed 2.3 wierdussuunauildannisrussuulaseadreaaisuuy
szuulassadnefianansndentiléastutulssamnisoonuuudnumuusuiulnm snudtszyllumsa
7i 2.3 AFausznauUSUNanaUawed ( Response Modification Factor, R ) wassiusenauveee
nslresa ( System Over strength Factor, Qo ) v03szuU Tassasawdazuuulidulunudirnun
Tumnssefl 2.3 edauseneumaiazhlulilunts fusameusadeuigiu ( Base Shear ) usslu
839M91AN 1WBN1508NWUU ( Element Design Force ) LAENSLAA DU IEUTIME A U9 T NeT
( Story Drift ) szuulaseadiad idenldesdadldsunisoenuuunazinunsoazdenvedasais
( Detailing ) Wil Formualusnnsgrudrsdsifsdeanasdormuniisidunuissylu
mmgmaﬁ’uﬁ

Tunsdlidmnsgeoniuudesnisidenldszuulassadauuuduidlddssyllunsed 2.3
wdpsfidumsigadsenisiinseilasiainuaznisnaaeuieddlassadluiiosufiinnsiie
wamdliifiuinszuulassadaiu q dwginssudmarmansanuausalunisiunuusmadiudig
wazANanIalunsaaendsuisuvinsruulassaauulawuunislunisned 2.3 Afieada

Usenau R, way Cd wingununuseuuidenly
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A13197 2.3 AdUTENaUUSTUNanauaues ( Response ModificationFactor, R ) fiausenaunias

druiiu ( System Over strength Factor, 20 ) way fuUsenauagiaaIn1sineda ( Deflection

AmplificationFactor, Cq)

AAUsENay Usznnms
szuuinsEing IINWUU
Taarsau FTUUATUMS SN R 0, | Arumruuss
weiuAul
G
@, FTUUAMNTU | ATWNITULTIEauuuuassua (Odinary & ke A ’u" #
ﬁ’lvﬁ*‘l’_’:ﬂj“l Reinforced Concrete Shear Wall)
WA (Bearing nunsdunsudauuwuvisims Wneazidonfives é e | A "u'l "u'l
Wall System) (Special Reinforced Concrete Shear Wall)
Arunasuusndeuvaod niLUUEITTUAT m ey 8 N x| x
(Ordinary Precast Shear Wall)
Aunadvusudaundadriwwvuiinmili | < TR RE:
TEazidsaRwnTUUNEE (ntermediate
Precaset Shear Wall)
. 3EUUIRTIDIRTT 'I;mau,mn.‘.ua'.vﬁﬂwu'_".ﬁaaﬁuﬂuiﬁ"lfiqwia‘.Lij1_-%'11 & [ A/ “u" '\JI
(Bullding Frame | WS3AA1A (Steel Eccentrically Braced Frame
System) with Moment-Resistine Connections)
IF"a&‘.Li"‘niL.‘ualﬁﬁf"l'.L‘iJ’J;ﬁmﬁ;uﬂ.m'ﬁlﬂﬁﬁauﬂ us ol & A A
GRG0
(Steel Eccentrically Braced Frame with Non-
Moment-Resistine Connections)
'L'F":«:L;na.ma.v’ﬁmtmmequﬁuuu‘[ﬁiwunmi’tﬂ I [ Wf "u'l "u'l
il
(Spedial Steel Concentric Braced Frame)
IATILAIMUANANUUUATIAUILLUGTIUAT | ne ko N A x
(Ordinary Steel Concentric Braced Frame)
AunsSuusadauuuuiinms e Boailae o o8 A ’\JI ’u"
(Spedial Reinforced Concrete Shear Wall)
ATRAITULTAEOURVUETTUAT (Ordinary @ .8 | "u'l ®
Reinforced Concrete Shear Wall)




A1319% 2.3 AUsENaUUTUNanaUaUDY ( Response ModificationFactor, R ) iuUsenounas

duLiiu ( System Over strength Factor, 20 ) wag fusgnausereaIn1sinea ( Deflection

AmplificationFactor, Cy ) (619)

AMAIUsznaU Uszunns
seuUUlAseEs e aanuuy
TResu SEULRTULSIAUTN R Q, ATUN TS
wruAulwn
1| A4
®. 72UUlAT AunadvusadoundadniaLuuessun & e || x| x
81713 (Building | (Ordinary Precast Shear Wall)
Frame System) | AmuneSuusadouvdadniauvuiiinasle & o 'x." "n}l 4
(W) TEEsiduarTIMlE TN (Intermediate
Precast Shear Wall)
o sevulpssd | lassiunsadmudniidaiiuimiio il @ m A A
W3R (Moment | { Ductile/ Special Steel Moment-Resisting
Resisting Frame) | Frame)
Tasafndruusifadiinisidsazionadnu o @ ﬁ." "-,'I ’u"
wioailufiime (Specal Truss Moment
Frarme)
Trssdimuussdmwdniauuiisnlwnas | e m A
( Intermediate Steel Moment Resisting
Frarme)
A9 UUTIARLMENETTUA (Ordinary Steel | o @ ﬂ,." "-,'I 4
Morment Resisting Frame)
RS UL AR USRS NTILIA e o @ “n." "n‘" ’u"
filew (wuuudsludt ¥ie uvundadnia)
( Precast or Cast-in-Place Ductiles Spedal
Reinforced - Concrete Moment  Resisting
Frame)
TASIEuLS e RRaUNSRESLMEN TR e & @ 1." m" -
Uuna
IATIR UL SIARABUNS AES LA NLUUETINA m o ﬁ,." ¥ | X
( Ordinary Reinforced Concrete  Moment
Resisting Frame)




A1319% 2.3 AUsENaUUTUNanaUaUDY ( Response ModificationFactor, R ) iuUsenounas
duLiiu ( System Over strength Factor, 20 ) wag fusgnausereaIn1sinea ( Deflection
AmplificationFactor, Cd ) (519)

A TUszNay Uszamns
srUUlATIEEN DONKUULY
Taesay FEUUATULSIATLTN R Q, ATUNTY
(1E2]
weindulng
LAEGEE
& slanaii | Swdulasunuuavinuuunsisuiuu Ui ol wa |||
WusaiEilas (Special Steel Concentrically Braced Frame)
Frunssimiiinm | uduTasinauuamanuuy .tqumf (Steel @ lo.& m" x" «J
witieiiaen Eccentrically Braced Frame)
FumTuusa Frufudunsdvusndsvuvuiiinasld| o T EIEIE
fnriabiionnd [s1oaziBuafitaw (Spedal Reinforced
JoUns b@ DT | Concrete Shear Wall)
ﬁﬂitsﬁﬁﬂmﬂﬂ FIAUAWNIS UL BULUIUE LA (Ordinary o b.d "u"l "-," .
ViaviuA (Dual Reinforced Concrete Shear Wall)
System with
Ductile/Special
Moment Resisting
Frame)
& szuvlasiaiig ’:"mr"“‘.’uiﬂm.raL.'uamﬁﬂuuummuf‘juuuﬁmh o o.& m" x" ¥
wulpenvitilAssimu | (Special Steel Concentrically Braced Frame)
wiadadifiaon | ududunsdvusudavuvuitinisli| e T EIEIE
witlsunaevEe | suazid nATi LAY (Spedal Reinforced
Arumiiendiaf | Concrete Shear Wall)
ANNTOAMIULT | STufudmssunsaEiauuuuaTTam (Ordinary & & m" x" .
fimudineliviaendi | Reinforced Concrete Shear Wall)
008z od THIUTHI
N3Evi 1N UDIAT3
Vivm
(Dual System
with Moment
Resisting Frame
with Limited
Ductility / Dual
System with
Intermediate
Moment Resisting
Frame)




A1319% 2.3 AUsENaUUTUNanaUaUDY ( Response ModificationFactor, R ) iuUsenounas

duLiiu ( System Over strength Factor, 20 ) wag fusgnausereaIn1sinea ( Deflection

AmplificationFactor, Cd ) (#i®)
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sEuUlAsaadng 3
T3y FEUURATULSIATLTN R Q, 2N
AN
U3d
weiuAulnn
| A4
b, UUUjdid | ssuudjdiiudssninduniivuindouna: | e me || x| x
(Shear Wall TAsafuuTafnuuusssuanilainasl
Frame Interactive | S10GzLBBRRTILIWLET
System) (Shear Wall Frame Interactive System with
Ordinary Reinforced Concrete Moment
Frame and Ordinary Concrete Shear Wall)
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{Steel Systems
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2.2.5. N15ARBUNAIFUNNSTENIN9TULALNISINIA2VBIIATIES9

2.2.5.1. NMSLAdRURMdUNUSSEINITuNe oyl

NSLAA BUAIF LN USIENI1T UL AR A UANlIE T UDBALUY ( Design Story

Drift, A ) AAUIULAINTTUSI@D AT UMINT DT NarFa@ns azdaaliabuinuaneauli

( Allowable Story Drift ) lunsdlfiermsiinisiadiseunnumseg19dniau Liegnuss

W UAUIINTZYINNTANLIUAINITARDUMFURUSTENINTUL 98ADI5IUNATDINITUARIVD

Tusne
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asfIAsressrUUlAsINAsRauUnIaEs LNt ldd e sssuuTassadadu
wsawriufubagdedldsunseenuuulmdulumudenivun vesunsgiu ACI1318
NULL96)

1. Hy AoAugessvineduioglifiuduil x

2. mAstuieafidaienely annduos e LLazmﬁfﬂm&maﬂﬁgﬂaaﬂLLUUW
ansanusemsAdousiduinssswinsduldunn wwfinsedeushduinsssninetuvinled
Talddndn uAfIAsAoIRITUINITIUTEUENETENINLATIESY

3. Inssairsrunsdgnasunsadounuuiuangiusessu vneis e1msiignesnuuy
1 Mriunadgreunsadoudutudinlasadddumniedsdulunangusessy uazgn
Aeassludnuaeiifideluwudiauazusadouseninamunadraies (wuu Coupling Beam
) osn

2.2.5.2.M3AR8UMYBIRIASIIETULT SN LALLM
AINUINTFIUNITRONLUUDIANTANF DA TeAeRRANAN 5O IUNNTS ULTIVDI87ANT
lngioimstuagsedinisindoumlidosnitrfisedlinnsgiu uen.1302-52 s¥yinAIng

ABUMALRNS ALRazTUY91A1s O, au1sanlaanaun1sI19a1el
6>< = Cd 5)(@/' (21)

a9l Cy B AIUIENBUTLIBAINITINIAINIMaRTlLSI97 2.3
P ' a o a ¢ a4 A a ¢
.. fim ANnsiAGRUMTIAAUENaIWIaNTY X 1TBaNussadng
WEUWNTLAAINNITIATIEALATIES 1AM USTUUDA@RN
| Ao AIUTENOUANNEIAYUDIDIAIT
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2.3. NISLASUNIAIAULT A UAUINIAIBAINUIILUUBI LT ANIUY

2.3.1. 42UUIZNIULATNE AN TTUVDIAUUINUULSILHIANIUY

1NU3T8LE 04 Experimental dynamic characterization of friction brace
dampers and application to the seismic retrofit of RC buildings ¥84 Panumas Saingam,
Ryota Matsuzaki, Koki Nishikawa, Ben Sitler, Yuki Terazawa &g Toru Takeuchi

2.3.1.1. d1uUTEnoUrIFIMUNLUULTLEYANIUY

Friction damper (Famtisnuuusadeaniu) Wutagiivszneuse

1. wuwdnvansuduiideudmiulufieniansetudn Lwiumﬁﬂgﬂﬁl’uéha

2. UHUTNYRITAAUNULSFYANU

WANLUBS AENTLANENANIULAYNISIA AR TEMINNURIN LFIAFNUY UBNAINT S

[

anunsendniiuRanJanaunlilumanladnde

JUN 2.2 asAUsEnauvBIivI UL AEEAN Y (2]

2.3.1.2. WOANTIUVRIFINUNKUUKIBELANTY

wasueatvesudmlndoulmazgnulaniundiuenuseulaefimiguss

oA Gesanniseansviviuwsedeiukeundganisduasiiieungaiuluneuniing

——HYSTERESIS LOOPS.

sUN 2.3 Anuduiuseninaussaznisidesy (force-deformation curve) [3]
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2.3.2. N1509NLUUAINUILITITLANIU
2.3.2.1 Steel Building Lumped Mass Model

ngAnssulasassvesoimsideglasunisuseiliulaglinisiiaseiuuunandiy
wuUlNBaLEU (nonlinear push-over analysis) 194l@5U push-over curves QﬂLLVIuﬁéf’JEJ

duilugrunisananandaidu (Tri-linear degrading) fauanslusun 2.4

Friction coefficient

Api - Aren of ench cyele in slip coefficient
and Relative displacement relationship

Felative displacement

¢ - Mumber of cycles

. y .
Xi i 5lip displacement of each cycle

0 a.k, K=K,

Q. )
o 0,

. 7
0/=130! 1 oK, j&.&,

= - y —te O
o= 6 ; 8 Mo
E! Wo,

(a)Before yielding (b)After yielding

g‘ll‘ﬁ 2.4 Assumed Hysteresis loop of Steel frame [5]

Ke Initial stiffness, 01K Second stiffness (Q;=0.22), W: Ductility factor of Sreel

structure on target displacement

3¥8% post-yielding QﬂamgﬁgmdﬂLﬂuwmaﬁﬂaﬂwawﬁiﬁuuu The initial
stiffness, Kif , horizontal yielding strength, Qyif , cracking displacements, Ocif uag
yielding displacements, Oyif vaawsaztulagninvunuda Wienudeveisnis Oyif ve

wiardugnauu@ilviniuyntu
2.3.2.2. Defining an equivalent Single Degree-of-freedom Model

LUUT1804 Single degree-of-freedom (SDOF) nATMualagkuuT1a09 multi

degree-of-freedom (MDOF) me"lugﬂﬁ 2.11



= O ?1

K, f
.

Existing Steel building MDOF model Equivalent SDOF model

gﬂﬁ 2.5 Conversion of SDOF model [6]

Equivalent height Heq Wai% equivalent mass Meq @nylagfiatsaiianglvuni 1 ity

N
Ho— 3 oMy - H; (2.4)

eq N
D iy Mt

M., = (Zﬁlm"‘sl‘sz (2.5)

4= N
DTL e

e (u; Ao elastic mode %39 mode shape U899 | §1%5U mode shape 7 s

secant stiffness U994 UUTI@09 SDOF @13 target displacement, Ky, F milgannaunis
K =M,(24T]) (20
Equivalent period Ty " laanasunis
T =Jyea, T, (2.7)
1agld natural period ¥89uuus1@83 MDOF Tt and L

2.3.2.3. Evaluation of Damping of Structural System

15

WA hysteresis vadlasasIman £, gnuszunalaanisiiansan hysteresis

loop dmsumsindeumfiidudininegresnisinniiufiu

(1 —p)u
1]

E; = 2pK; (u,8;,)"- “for (u, < p,<1) (2.82)

WOANTTU hysteresis Y09 damper uag Lilsa elastic gnATMIBIMTIDUAY

WHIIU hysteresis 999 damper 9819LA8 Eq Waz Wa9U hysteresis 499 damper Wag

wisy elastic Er JAvAUW @auisavlaannaunis
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Ey = 4F sbur = 4F (4,55 90
.Ja

Ex = % (F’KI ' ;—;ﬁ) (45)  (2.9b)

Tuaun1597196u Ky, 5yd, Wy Ao stiffness, yielding displacement and ductility
factor of dampers AIUAIAU BRTIFIUTLNIN stiffness Vo3 LW5H elastic Lay stiffness VB4
damper Y.=Ksf/Kd ﬁaW’li’lﬁma%ﬁﬁ’ﬁm%am%m’mﬁ Fquivalent elastic strain energy
vasszuUlassadeianun ES 1.0 anansadmnaldlaaunis

lK((Sf)1 14y, ) oay e
AR ( Il P He ﬂ’(y{ (2.10a)

r

%K (uo]) [(Uﬂd G )%M p] {5—‘ < ﬂ] (2.10b)

f
I 51‘

E/+E!=

8n31d7U equivalent damping UBIYARARINLLANLUUIIRDY Steel MANARNELNTT

: Es + E
St Al at Lo (2.11)
- -'1'JI.E~._'J|'|:.

o & o fvtwedlassad1esssuwf inherent structural damping au@lidu 0.03

| I3 v a o ° PP a A |
agelsinny lassadanansdanigaguituiuinnidueundgaliwiueulusening
n1snsgauwiuAnlmIwuUgy Newmark wag Rosenbluth lalauauulfnn1snulNeieds
UsziiluAnady MInUNdmSuYINATaUARUATLA 0 DILBUNEAEIEA IINNANTITANYILT

fb8% reduction factor NUasnNe R=0.7

9m3187U equivalent damping ¥83lAT4 Steel £ 1lAaINEANNTT

8n31du equivalent damping UBIYARARINLLANLUUTIRDY Steel MALAINELNTT

- E,+E,
“ 4z(E!+E!)

(2.13)
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2.3.2.4. Evaluation of Max Displacement by Response Spectrum

yuNIAARUmANIMSIEnintugegavedlass Steel B, manldlae displacement

response spectrum

NANTAN ﬁfu ey Eeq foradeves Equivalent hysteretic damping of SDOF

{1 4 ﬂ1§_."_|:.l
R = 1LIII|'— (2.14)

1 +a-&,,

ile T,® Ae secant natural period YBIYARAAAUNLLAULATY Steel, AFuUTEEANT a
gniausliiiian a=25 (AAuwsuFulmINNsdung) , a=75 (PduukuAulniiiey) Tuunaiy
& v a ' ~ | < a v o w P
Hagliluaduusuiulnaiiey egelsinig a gnienulidu 25 dwsunisiiaisanns
novauesilldiativsveslassadiaman Welfisudulassasiundn yunisiedousduing
sewhedugsaauesszuulassaiaisnun 0.2 wldann

O _Tou [Itaty | K Vtahy . (0
b T \[1+ak, \pKi+Fa/bu 1 +ak, '
LU Ay 1+ ag, (2.15b)
‘V Pt f‘.!f..('ﬁ}'(sr!rr} 1 1 ﬂ:rqr

2.3.2.5. Evaluation of the Amount of Damper

Damper stiffness Yl LA target displacement ANUAIINABINITYNAIUINA

p (1 + ah;j)(%} & {p +r, (}'5 - ;11_]] (1 + akdq) (2.17)

tar d

VNeNgn rq ¥508N1d SEWIN4 stiffness 189 damper wag L5y Steel, rg =Ky/Ks

s +u, —pu’(1+
() ol )
rar T fu+ﬂc
Y (2.18)
(1+ah{{)[y$+1]+zaR(11J
Hy T Hy

2.3.2.6. Damper Distribution for Multi Story Steel Buildings

Py =
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£
=] g

AUN5YBINISNTTIYAINUENTUDIANS Steel Ma1ety L pENNISUANAINUA

Y
@

secant stiffness @113y displacement Wiy vesyaRafaisLANgniasalu stiffness
YDIARETUTBIBIANT Steel nA18TU uazRouludalUlignduliugiue

a) 9M918U equivalent damping Vo5 UUlATIAS VT IRUALALINTY steel d19SU
displacement tUunngaznilnuiuTenINLUUII809 SDOF Way Luudasy MDOF

b) lulfpusiufulmvesdiiu usadousu stiffness distribution method 7ide1 Al
method égnisnudu melddeulunisnszatsusives Al ypnsadeushduivssevinady
qqqmaaLwiazeffuwiwﬁ’uﬁ’ugmmimﬁlauﬁ'gé’mﬂ’méﬁwdwﬁ?ummLLUUﬁi”lam SDOF il
\mune BtarZ

c) Ductility factor U962%11i23 JAdi, Ductility factor ¥09lAT9 Steel i, 9n31d7u

stiffness YaFInUNLaZLNTY elastic Ysi Ulusazduilouny (i<N)

fsandeuly a) aglAaunisi 2.19

2 E E!

— = ” (2.19)

N
=1

WIolENNISINMeskRailuaunIsh 2.19 azlaaunisi 2.20

N R
;{Km (#d’:_l)(gfkf/ﬂd’!) ] 2 Kd(zud_l) (2 20)
N .
Z[(Kf,u(ﬁ +K, + y_‘_r.Kd,:.‘um.)(é’r.h,.)zJ (K::ﬂd +K, +3’_s-K¢w”d)1“a2

i=1

i

i

wsanteuly b)
yuNsARoudNInSIEnItuaanvesusiazdu Bi fis B, Ductility factor v0467
NN Py A9 g wazDuctility factor v091AT4 Steel W Ao K unuaAInuduiusinanidly

A1N57 2.20 agl@aunisi 2.21

4 4

Y (K.Y (K=K, [K! 221)

i=l i=
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farsanitoul o)
AUNTSA 2.22 auysel 1Nz YUNISLAGUMFNRNSIENINTUgIanveILa Az U
MelAlsIRoUINUNITNTEAY Al indlauriu

0,h - (0h,)
— 't _ i=1
O =72 = (2.22)
(K'm ' (J’_‘ ' Vﬂd)Kdi )hi Z {(Kufa * (:“_x + 1/:”.:;)](::; )hiz}
=1

I

eiign stiffness YA Ky ¥9%U | 19991815 Steel nateu wansluaunsi
2.23 4lANNITUNUANNISAENAITH 2.22 INBAUNISA 2.21 @uni1sh 2.23 Ao damper

stiffness VUL | iionauaues displacement [Winunglunisiadauisifuainiauiuln

_ Z:(K:;hf)[ 1 I } r. G
(Q.h,)

(o

-~

Kd' — . ]’\.r L
) hi ‘ }/.s' + ]'/#d
2

MneAfeteduldnansnaaousisil
Max story drift angle

dle V. (Ensdiusening stiffness 209 15U elastic wag stiffness ¥83 damper)
Lﬁw‘ﬁu max story drift angle EaAaY WAy max story drift angle Uu%guﬁéauﬁlzléfms
wdeuvaneyszanm 1/200 o V. Sadszana 0.05 uazidley, fAWAu 0.1 n1sanns

o w

povauetlulitudAny

[A—7.=0 -7, =0025

[

0.004 U()K 0.012 0016 ! 0003 ‘.l 8 0012 0016 ) 00 0.008 0.012 0016 IU 0,003 HI)OK 0(‘)12 0016 l() 0(‘ 0.008 U(I)IZ 0016
Max Story Drift Angle (rad)  Max Story Drift Angle (rad)  Max Story Drift Angle (rad)  Max Story Drift Angle (rad)  Max Story Drift Angle (rad)
(a)S model (b)1L model (c)2L model ~ (d)3L model (e)4L model

g‘dﬁ 2.6 Max Story Drift Angle [7]

Residual story drift angle
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o V. SiduAu 0.05~0.075, residual story drift angle 2261031 1/1000 SusaIny

AoLll990901A57 1Y wazdunalaaiiie Y, 1T residual story drift angle azanas

s T S W2 To00 171000 " 171000
i
4 4 b 4 4
Z z A 2 z
g3 S =} £3
@7 QE ﬁ3 l“li B! v:3 7
\ 3
2 ) 2lmo 2 2 o
/ / ,-"’
, ;
! - — 1 ) . [ '8 P SR 1
01 0002 0.003 0001 0002 0003 0 001~ 0002 0003 0 0.00 002 0.003 0.001 T0002  0.003
Residual Story Drift Angle(rad) Residual Story Drift Angle(rad) Residual Story Drift Angle(rad) Residual Story Drift Angle(rad) Residual Story Drift Angle(rad)
(a)S model (b)1L model (¢)2L model (d)3L model (e)4L model

31]17; 2.7 Residual Story Drift Angle [8]

nmsnumusAded iesinfeituiinsesnuuuiivmnzandmiuszuuems
a4 5 9u uarld mode shape tewud 1 Tnun uiorasfiullulusaavess Wuerans
a4 7 udseravediinnndt 1 Tnus wansndsasi Biudssgndliiueasgafioginfiana
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3.1. SULUUMTIVENITBUUULNUNITIAY

mﬁﬁ'@ﬁtﬂumﬁLmqgﬁLLazLU%ULﬁEmwqamimaﬂimqa%ﬁqawmimﬁﬂﬁﬁmmgwum
naneukasvdaiuiidlasdmuuuusadoaniu iefiaeviliniumeasgunsalesiinisuas
Faifles TneAnvuTouifisuan szeen1sindeudivede1ns il eernusaukul ngnsensi
fnuanisuiiugn mudiuniy anuAmuYeseIes uasiuauiisesiuenaslunisfiuniy
usvduazitouveuNuAul w.a. 2564

I = | a a ax a a ]
LD EQ, AB L33 LLNWAG]iJlM’JiUVIﬁV]WQLLﬂH X I@EJ’JﬁLLﬁQaﬂG]W]EJ‘ULVH

EQ, An ussunuAulmludienisunu y Inesussedaiiigumin

3.2. M359UTINLRYA

° P a a I U ' P v ~ ) a
IMNNsTIUTIdayaIINIneI NS ilde wazienansie o MinutedaeilaliseaziBun
Audluuni 2

3.3. 1A59938798

AATIINGANTINTBILATIAT19DIANTNDUETUANAY WasUAIaSuNAIeIBussadnisuLvn
1AEIENSLEINATRIMIEAINUNKUULTLEI AN

3.4. TunuluN1sAIUIIUIRY

1) AnvmquiuazniAdeinedestunaetuhddaensdifmminuuusademm

2) Anwmguiieatungnsensaainuanissutimin anudiuniy AnuAmuTes
91A13 uariiufufisossuemslunsiumuussduasfiouvesusufulm wa. 2564

3) Anwanisidaulusunsy ETABS

1) ahuuuuiansoianstasaarandn g 7 u Tngldlusunsy ETABS

5) poNWULLIEMSIIY Friction Dampers Aiesldluusasdu

6) UILUUTIABIDIATURATUAIRIATUL IR LA

7) @3uua



22
3.5. N385 UUINAB981ANT

3.5.1. TURBUNITASLUUINADINIEIUTWNTU ETABS
mMsassuuIaesielusunsy ETABS aginisdiaedlasasnenmsmangs 7 4u

1) Busulusunsy ETABS Taemsneuw Grid line 3Mutuiaenia wadisias funaiuy

Grid Dimensions (Plan) Stery Dimensions:

O Uniform Grid Spacing O Simple Story Data
@ Custom Grid Spacing @ Custom Story Data
Specify Data for Grid Lines Edit Grid Data Specify Custom Story Data Edit Story Data
Add Structural Objects
y P
oo T
7 ol B
T
Blank Grid Only Steel Deck Stangered Truss Flat Slab Flat Slab with Waffle Slab Two Way or
Perimeter Beams Ribbed Slab
0K Cancel

5UM 3.1 194w Grid line dagduauduvesuuinaes

Anuanuaudfvewnan (FY) 2400 Alansusdensnusufiuns lugdadanegu vaq
wdn (E) whitu 2.04x10° Alansusenisnawuiiuns

o i 4’1} a a < A o B 1 [y A [ I
AAUALNUNUADUNIALESULNANTNIAISULSIDA (fc?) 19111V 600 NLaNSURBAISI
LEURLUG



3 waterial Property Data X
General Data
Mt e
Material Type Steel v
Directional Symmetry Type Isatropic v
Material Display Color ] Change
Material Notes Modify/Show Motes...

Material Weight and Mass
@) Speciy Weight Densty ) Specty Mass Densty
Weight per Unt Volume 7850 kgf /m?

Mass per Unit Volume 800477 kgf-s%m*

Mechanical Propery Data

Moduius of Easticty, £ kg /m?
Foissan's Ratio, U
Coefficient of Themal Expansion, A 1
Shear Moduius, G TRAIT0E g

Design Property Data

[ Modity/Show Material Property Dsign Data |

Advanced Material Property Data

' Monlinear Material Data... Material Damping Properties...
pe Deent gertie
L, rrye
0K Cancel

JUN 3.2 MvupruauRvaLnan

1) Munusvwianthdnkasauaudivedlasaiig 9 lue1ms taud @ A nasuuss

\Rou waziiu Post tension WWudu Insilsned1emamaliil

3 Frame Section Property Data X
General Data
Property Name CANF-300x300x10x15mm |
Material f2400TIS 0Oy . 2
Display Color . oo .
Notes [ Wodfy/Show Netes.
Shape
Section Shape [Stect Iide Flange =
Section Property Source
Source: User Defined
Property Modiers

Section Dimensions > "
= Modify/Show Modifiers.

Total Depth n " o
Top Flange Width n

Top Flange Thickness m

Web Thickness m

Bottom Flange Width m

Bottom Flange Thickness n

Filet Radius n oK

Show Section Propertis Cancel

5UN 3.3 Amunvuanidauaz A dFan
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I3 Frame Section Property Data ®

General Data
Prsety ane
Material fy2400TIS ~| .. 2
Display Color 1 Change 3
Notes Mody/Show Notss
Shape
Section Shape Steel IWide Flange v
Section Property Source
Source: User Defined
‘Section Dimensions Propety Nodfers
S . Wodfy/Show Modfiers
Cumertly Defauk
Top Flange Width m
Ton Flange Thickness m
Web Thickness m
Bottom Flange Width 0252 m
Bottom Flange Thickness m
Filet Radius m 0K
- Show Section Properties. | Cancsl

5UN 3.4 AmuaruenidauazauatiRng

3 wall Property Data % 3 Wall Property Data
General Data General Data
Property Name W25 Property Name

Property Type Property Type | Speafied

Wal ateral moael 1 W Wall Matera T o TR |

Notional Size Data Wongﬁi—l Notional Size Data E Mudif@ww Noﬂfnal Size... ]

Modeling Type |5h;I-Thr| Ll _- . Modeling Type :Shel-E LY & >_ . "1

Modfiers (Curently User Specfied) | Modfy/Show.. | Modifiers (Curently User Specfied) |

Display Color B o Display Color _

Property Notes : 71,},{,[5&_7 o 4 Property Notes [_ _ﬁud@huw :
Property Data Property Data

Thickness 3 m Thickness m

[ Include Automatic Rigid Zone Area Qver Wall [] Include Automatic Rigid Zone Area Ower Wall

| ok | Cancel oK | Cancel |

4 1

5UN 3.5 AMmuavunaniiauazAauURnTaTuLsIeu
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Wall Property Data X

General Data
Property Name 25P25
Property Type Specified ~
Wall Material 2C320 v ...
Notional Size Data Modify/Show Notional Size..
Modeling Type Shel-Thin ~
Modifiers (Curently User Specified) Mody/Show...
— o
Property Notes Modfy/Show...

Property Data
Thickness 250 mm

[0) Include Automatic Rigid Zone Area Over Wall

OK Cancel

5UN 3.6 AMmuavruaniidauazAnauURTaEUNY Post-Tension

NFRINAMUATUIANTIAARATAMANUARN 9 udd ANUWINTasIULTIaes lngay
uagnsessuvadwuuassdunuuBanyu wWelnsisideyaiildainnisAuinuswuruauln
moly

* * x * * * * *
* * * * * * * *
* * * * * § ¥ * * *
* %
* *
* * * * * £% » * *
* * * * * * * *
<
T—»x * * * * * * *

JUT 3.7 wlauuuudnaesvedlasaaing et misuusueuuagitutuin2
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rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
————————————————————————————————————————————————————————— oo e
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr e %
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr g R ..
--------------------------------------------------------- Hremmmmm e Rt
> ; 3 .3 E 3 E.3

JUN 3.8 AMnungasessuvesuudasaduluudany

inslduininussmn (Load) Ntuveudasdu lnguminussnnaef (DL) windu 400
Alansusiansnauns uazdmtnussynas (LL) Wiy 350 Alansusienisnamns

Shell Load Assignment - Uniform B
Load Pattemn Mame [[-};a_d_ AV / 7_ 74 . %/
Uniform Load COptions

Load kN/m2 () Addto Existing Loads
LT @) Replace Existing Loads
Direction [(_3@1r_'rty

ool b () Delete Existing Loads
[ ok ] [ Gose_ Apply
Shell Load Assignment - Uniform n
Load Pattern Name [Dead S— o __ F >
Unifarm Load Options

Load EI kN/mE O Add to Existing Loads

(@ Replace Existing Loads

Direction | Gravity i (7 Delete Existing Loads

OK Close Apphy

5U#1 3.9 Muuaiwiinussyn (OL) wiriu 400 Alansusen1siauns

(LL) winfu 350 AlanSumAamIsIaung
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Mnuealigaaudnaavesau tower Wulaezunsu (Diaphragm) D1 Liedeinewss
audne wazivualy D1 Wulnevusuuds (Rigid Diaphragm)

Add New Dizphragm

I3 pisphragm Data

Diaphragm

Rigidty
O Rigd

sUT 3.10 i D1 1ulaszunisauds (Rigid Diaphragm)

fsunAtimingns (Mass Source) Ingldimminussynasil (duiinlassadie)
100% ﬁgmﬂ’ﬂmmﬂas 100% fmﬂ’ﬂmmnmﬁ (TanmnuAauazni) 100% wsaunuAuln
lufirniawnu X lngdSussainiiouia 100% wagwsaauaulmluianawny Y lngdguss
atiniiguwin 100%

} Mass Source Data X

Mass Muttipliers for Load Patterns

Mass Source Name MsSrct Load Pattern Muttiplier
EQY static ~

Dead
SDL

Add

Mass Source

() Element Self Mass o

EQX static

Delete

|

@ Addtional Mass

| Modify

@ Specified Load Patterns
[C) Adjust Diaphragm Lateral Mass to Move Mass Centroid by: Mass Options
‘ @ include Lateral Mass
‘ () Include Vertical Mass

@ Lump Lateral Mass at Story Levels

oK Cancel

JU# 3.11 Amueddmngns (Mass Source)
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AMuAFULUUNTAUNUIUYE81A1ST 12 Tnua Wenmuauazdeudeyanegis
i@5a3eUseeudy livhnsdalinseiuuudiaes

Active Degrees of Freedom >

Building Active Degrees of Freedom
Full 3D XZ Plane YZ Plane No Z Rotation

P i

A A A = = -9 - - = A A A

By Bur Buz B @R @ Rz

oK Cancel

5UM 3.12 MruagULUUMSaUNUgIUY8981A1S

3.5.2. NNSANUILS LN UAULIAeATadMTBULYIN
TuduvIN1TATIEAATIAT T UL WA UALIIALLIAIFIUNITBBNKUUBIABIATA LN

AsauaziauvaIiufulm InefansanankuuIIandluluswnsy ETABS N15A11auLs bk uR1lng
FUINNINIUADUTFIU Fedgnsanlaanaunis

V= CW (3.1)
a = I a Q'{ 1 [ L -~ Sal
el C, Ap AduUsEANSAINLSImBVANEY AnNlien ¢ = —
R

S A9 ANAINULTINDUAUBILTIFUNASUUUNUAUFINTUNITODNUUNAIUNITAY

e

a

fiuguresens dandisududndiuvesaimiuseanusddduaimesdan

3

o

| A FUTENaUMINEIAYUDIDIANT

R Ao APUTENBUUSUNARNBUAUDY

w Ao UMiniauAre901A1s (ko)

b

PAIINUUAIBTINTEY MULFASTUINNANNNS

K
F, = mv (3.2)

W, H

el W, A dmtdnvesiudu x (kg)
H D ANUEIINNUAUVDITU X (M)

X
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o T<055

1+F?5ﬁ905<T<255

o T>255

A9 PIUIUTUTINUA

Ao wssnnszyinlulsiazdy x (kg)

P

P

D wIRROUNFIU (ke)

AMUUALTIHUAULIURANIILAY Y (EQY) wazisaknufuliludianianu X (EQX)

Togvinnisidenvdausascufulnduluuiivuatod (User Loads) hagyinnistaaussnnszsin

Tuusiaztu x (F,

) Adualaluld

Define Load Patterns X
Loads Click To:
Seff Weight Auto
Load Type Mtioler Lateral Load Add New Load
w, v X 8/ W Modiy Load
Dead Dead 1 \
SDL || Super Dead 0 ‘
EQY static User load | Seismic 0 User Loads ‘
EQX stafic User load ‘ISelsnuc I || User Loads |
LL OOV - ARG T M I Delgie}opd
] |
| |
! |
‘ j 0K Cancel

JUN 3.13 Mvuansaliasanvasveussuuiulm



I3 User seismic Loads on Diaphragms

Lt S

Story Diaphragm Fx Fy Mz
kN kN kN-m
D1 0 1610.8154 0
Story€ D1 0 6476438 0
Story5 D1 0 647.6488 0
Story4 D1 0 6476438 0
Story3 D1 0 647.6488 0
Story2 D1 0 6476438 0
Story1 D1 0 813.8702 0

1

[ Apply Load at Diaphragm Center of Mass
Sort Rows |

Additional

Eccentricity Ratio (all Diaphragms)

5UN 3.14 Tdruseiinseyieu Y Tuusasdu

A User Seismic Loads on Diaphragms

Load Set 1 of 1

Story Diaphragm Fx Fy Mz
kN kN kN-m
Story® D1 647.6488 [t 0
l Story5 D1 6476488 o o
Story4 D1 6476488 o o
Story3 [a]] 6476438 ] o
Story2 D1 6476488 o [
Story 1 D1 813.8702 o 0

1

=] Apply Load at Diaphragm Center of Mass
Sort Rows

JUN 3.15 TdAusaiinseyianu X Tuusiasdu

ty Ratio {all D

O —

| AddRow || Delete Rowis) |

b
[

30
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Property/Stiffness Modifiers for Analysis

Membrane f11 Direction

Membrane f22 Direction

Membrane f12 Direction

Bending m11 Direction

Bending m22 Direction

Bending m12 Direction

Shear v13 Direction

Shear w23 Direction

Mass

===l la]l[e[=][=]]=
=

Weight

Cancel

5UN 3.16 Muuad Stiffness UszAnsnavewdaiuusaneu
3.6. NISLESUNIAIVBILIATIESS
3.6.1. A5n1528nLUY FD

1) Simplification of Steel building to single degree of freedom (anANuGULDY
vp991MsARUNSALEsUmAn AL TuLuUTIaatat1ade)

lngA1uInd Equivalent height (Heq) , Equivalent mass (M) uaig Elastic lateral

stiffness (Kf) aand@unng

[ ZiN=1mi'Ui’Hi
Heq vl ZaN:1m1’U1 SR
(ZN: mi'ux)z
(X agmayz G4
i=1mity
21 2
Kf = \— Meq (3.5)
Te

lagA1 H,  A® Equivalent height (m)

Megq A9 Equivalent mass (kg)

Ke A9 Elastic lateral stiffness (kN/mm)

M #o wadwiuwaziu i (ko)

u #o Fundamental modal displacement dusuisiagtu it" (m)
H, fio Anugedmiuusazdu 1 (m)

Te #® Fundamental period (sec)
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2) ¥1A1 p (Stiffness reduction factor) Tagauni1sAn p Jugufuanueuduus
U843 Base shear — roof displacement 984 frame Faldu191n1153A5129 Uy Nonlinear modal
pushover
Tnedi i f® Drift ductility at the target roof displacement

o 1% 6tar
Aulallan —
fy

0., o Lateral target displacement fwaailsiain O, - Heq
5fy Ao Lateral yield deformation of the SDOF gtcel
Annalldain B, - H,
alsifimstimundn B,,,= 1/250 uay By, =15/3200
W 79 The ratio of the crack-to-yield displacements fiAvinfiu 0.1
ANUINIAT P AINFUNTT
J— uc+a1(uf_uc)
p = £\ (b <p<1) (3.6)
f
Toedi p Ao Stiffness reduction factor
O  P® Pre-yield stiffness ratio fAwvi1riu 0.22
3) #1A" Hysteretic energy of the SDOF el (E¢)
AalaaINaunIs
2 (1-p)p,
e = 2pk (W 8;,) TR (b <p<1) (3.7)

Tng Ee h) Hysteretic energy of the SDOF el (KN-mm)
A o ATildan stiffness vaa Takeda AU 0.4

4) MERTIEIUANRIITTNIN dampers iU Steel frame (r ) Awladldainaunis

2
o p((%) —1>.<1+a(§f0+%.Af1)>

g = =~ = 1)\, 28, 1 for(u<ufS1) (3.8)
Ks 1+ah ( +—)+ . (1——) c
(1+ang) Y, TWAETY m
Taedl Ao 9MT1EUAULTITENING dampers U Steel frame
- o v S
0, @ Story drift of the SDOF e model Aualldain = (rad)
eq
a 79 Default calibration coefficient fA1Lviniu 25

R fl® Safe reduction factor fA VAU 0.6
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E‘fO 79 Intrinsic damping of the existing steel frame HAWVINAU 0.025
Aq  f® Introduce two factors Aulaan

_ (@=-p)p
Aq = W for (l.lC < M, < 1) (3.9)

A v ]

Y. AD ONTNEIUTENIN stiffness Va9 LTy elastic wag stiffness Yo damper

M, A Ductility factor of dampers

5) e stiffness of dampers (k,) AMUINPAINANNTT

o Xt (k?) {1 K, ( )
Ky = — : 7 — Ky, f <p<l1 3.10
d)i WYL, (0H) Vﬁ'ul oy (=p ) +0 g K for \H. < K (3.10)
d
Tngii Ky, P8 Stiffness of dampers (kN/mm)
Q o usndouluusaziu (ko)
Kew,i Aa The story secant stiffness of steel frame
Auadldann K- p o (kN/mm)
3.6 111 Required lateral slip force of friction dampers at i story (Fg )
AINFAUNIT
Kai
" XD
Tnedi Fq, A9 Required lateral slip force of friction dampers fid it (kN)

& ° v ey,FD
Xep B AAlEIN —=— (mm)
Leo

Lep B AIIUE1I09 FD (mm)
3.6.1.7 137U FD Tuwsazdulaain

o F i
$wau FD= = (3.12)
Fro

Wef rrp Ao Strength @89 FD (kN)



E Define Link Properties

Link Properties

FD 1000 kN s2 X
FD 1000 kN S3
FD 1000 kN s3 X
FD 1000 kN 54
FD 1000 kN s4 X
FD 1000 kN 55
FD 1000 kN s5 X
FD 1000 kN S6
FD 1000 kN s6 X
FD 1000 kN 57
FD 1000 kN s7 X
FD 5000 kN 51
FD 5000 kNs1 X

Click to:

Add MNew Property...

Add Copy of Property...

Modify/Show Property...

Delete Property

Cancel

SU 3.17 fiwua Link Properties d w3y FD

3 Link Property Data

General

Link Property Name

Link Type Plastic (Wen)

Link Property Notes

Total Mass and Weight

o C—

Factors for Line and Area Springs

FD 1000 kN 52

I Wt S/ Shaw Notes

P-Delta Parameters

Asceptance Criteria

Rotational Inertia 1
Rotational Inertia 2

Rotational Inertia 3

Link/Suppart Praperty is Defined for This Length When Used in a Line Spring Property

Link/Support Property is Defined for This Area When Used in an Area Spring Propetty

Directional Properties
Direction  Fixed MNonLinear
U sl |

Ou O
Ou O
Stiffness Options

Properties

Stiffness Used for Linear and Modal Load Cases

Stffness Used for Stffness-proportional Viscous Damping

Stiffness-proportional Viscous Damping Coefficient Medification Factor

[ medhyshow |
[ Modiy/Show.. ¥
None speciied

C—
Cl—
C—

Direction  Fixed  NonLinear Properties

O Rl Jf[ Modify ‘Ehawior

[ Re O Mo Sncvef

O R3 =] ot 7S

1 J U

Cear Al |

| Efective Stffness from Zero, Eise Norinear — ~|
| Iniial Stffness (kD) o -

5Uf 3.18 fyiun Link Property DATA d13u FD usiaztu

Cancel o

(%
Y
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E Link/Support Directional Properties X

Identification
Property Name FD 1000 kN 52
Direction ,LH—
Type Plastic (Wen)
NonLinear ,Yﬁ—

Linear Properties

Effective Stiffness 217438 4402 lkMN/m

Effective Damping l:l kN-=s/m
Monlinear Properties
Stiffness 217438 4402 kMN/m
Yield Strength 4670.81 kN
Post Yield Stiffness Ratio 0.0001
Veldng Boner
K| | Cancel

g‘l.lﬁ 3.19 NuuA Link Directional Properties @%3U FD

JUT 3.20 uuuauilAvewuudnaedlAsiasevaaEsy FD A 1
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JUN 3.21 LUUaulATewuUTaedlATIas MnauEsy FD Ui 2

JUT 3.22 uyuanuliAveawuudnaedlasiaiimaaeiy FD a1l 3



JUN 3.23 Luvauidfivesuudnaedlasea@samauay FD aui 4
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una 4

NEN1INNAD

MsooNUUUTBIiIMLsAEANIY (Friction damper) Wlelasufdadmuusausiudulng
dmsuenasgeiunans Ingldlanaenmsaounin 7 $u 1iusimsieg fudulunaoiamsiign
$raestulifidnunslndifestuemagdluiuiingammmuas deldsuusaflesanuadtudiouas
usausuAulmmnnsgiuvesnsulesidnsuazdades 4 eftaisunA1nisiad suda (Story

Displacement) A19RMI1@1UYDINITLARDUAITNNNT T¥IN9TU (Story Drift Ratio) LagA1TE8¥NNT

LR DUMELNNSILIINNTU (Story Drift)

4.1. wanlaann1seantuy

A1519% 4.1 AN NLEAIIIUIU FD AleannnnsesnwuuazAamniuayas FD

A7UU FD 9

$7U2u FD (§a/9) AAD B Krp Krp
Story anansauasulaass | Fep *N) | qon/m) (KN/m)
(#) X-Dir Y-Dir
X-Dir Y-dir X-Dir Y-dir
STORY7 1 1 2 2 1000 40137.85 | 77697.66858
STORY6 1 2 2 2 1000 49140.35 | 93981.14976
STORY5 1 2 2 2 1000 62194.45 117593.0596
STORY4 1 2 2 2 1000 82971.04 155173.1898
STORY3 2 3 2 4 1000 121433.9 2247438314
STORY2 3 5 4 6 1000 217438.4 | 398394.1499
STORY1 3 5 4 6 5000 889139.6 1613348.946
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MAXIMUM STORY DISPLACEMENT EQX (X-DIR)

7
5]
5
% 4
3
2
1
0
0.000 2.000 4.000 6.000 2.000 10.000 12.000
Displacemet (mm)
—With out friction damper —\With friction damper
SUT 4.5 Case5 \eBu Friction dampers lawizinu Y Ineia3uu3ian shear wallues
21AN5IATIES1amEN
MAXIMUM STORY DISPLACEMENT EQX (X-DIR)
7
B
)
%4
2 3

[ T ¥

0.000 2.000 4.000 6.000 8.000 10.000 12.000

Displacemet (mm)

With out friction damper With friction damper

g'dﬁ 4.6 Case6 L@3u Friction dampers lawizinu X 1Agl@susouuan8301as
JGERGEUNRY T



MAXIMUM STORY DISPLACEMENT EQX (X-DIR)

m

STORY

LTI

8]

0.000 2.000 4.000 G.DD0 B.QDD 10.000 12.0DD

Displacemet [mm)

—With out friction damper ——With friction damper

42

gﬂﬁ 4.7 Case7 @3u Friction dampers @awizknl Y 1AgLESUTOULINT0I9IANT
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MAXIMUM STORY DISPLACEMENT EQY (Y-DIR)

STORY
(TR T -

[l

0.DDD 2.000 4.000 G5.000 8000 10000 12000 14000 15000

Dizplacemet {mm)

—iith out friction damper = wWith fricion damper

35U 4.11 Case3 a3u Friction dampers 7aunu X uag Y laglasuusiin shear wall
Y0901 IATIATINAN

MAXIMUM STORY DISPLACEMENT EQY (Y-DIR)

LT < I

STORY

o = O N

(D00 2000 4. 000 6.000 B.000 100000 12000 14000 16.000

Displacemet [mm)

—With out friction damper —With friction damper

5UN 4.12 Cased L34 Friction dampers @1z wnu X IagaTuusiig shear wall
Y9991AN3ATIAT1MAN



45
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4.2.2. HAYDIINTIHIUVDINISLARBUAIFUNNS 52131931 (Story Drift Ratio)
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MAXIMUM STORY DRIFTS EQX (X-DIR)
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MAXIMUM STORY DRIFTS EQX (X-DIR)
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MAXIMUM STORY DRIFTS EQY (Y-DIR)

STORY

7
6
5
a
3
2
1
0
0.

oo 0010 0020 0030 0040 0050 0080 0070 0O0B0  0.090
Story drifts {(mm)

—"With out friction damper — With friction damper

gﬂﬁ 4.25 Casel @34 Friction dampers M3nu X waz Y 1nsldsusouuanvaso1ns
TAs9E519man

MAXIMUM STORY DRIFTS EQY (Y-DIR})

ETORY

D.ooo  QDid 000 D030 oMo D00 Oos0  DU0F0D  QLDED  0.090
Story drifts [mm)

—ith out friction damper ~ ——wWithfriction damper

JU# 4.26 Case2 1a3u Friction dampers vawnu X uag Y laelasusounieluves
a1Aslasasianan



52
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5.1. dsunan1vaasg

1.91nM3ANYINSAARITINUNLTILEIANIUY (friction damper) Y13 7 n3al ivin1sAnwvinli
nsLAdaUSYILsaz T (Story displacement) U8481A15 LAY NTLARBUAIFLNNGTENINNTU (Story
Drift Ratio) 904lATsa5 199 1A sIwananas Jedanalianuidemeiiinainudunulniveseinisindn
anas

2. nMsEnINUINIMsARReF s adsany (friction damper) USLIUIBUUBNDIATT
Tunsdifl 1 Dusumbivangautiunsadsdmiulasaduemandnuiniian iesainnisings
TugﬂLLUUﬂiiﬁé’qﬂénﬁﬂﬁmiLﬂﬁaué”mmLwiaz%’ju (Story displacement) 483815 WAz N5iAGRY
Faduritndszainetiu (Story Drift Ratio) ﬁﬁhamaqmﬂﬁqmﬁgﬂuumLmu X LAy AUy

3 INNSANYINUIINITANRIFIMUNUTIFIANIU (friction damper) USallnanunasuus
I A o o 1% <@ 1 1 A Y
\@ou(shearwall) Tunsiiil 3, 4 uag 5 @19sUlATIATIIOIAITVAN FINARDNITANAITO NITLARDUR
Yoausiaz U (Story displacement) 18491075 kag NITLARDUFIFUNYNSIZWINNTU (Story Drift Ratio)
UoeLilaBUAUNITANAIUI MU
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( 0eR.1303-57,n3ule513N15uazRAdIeg, NIzNTIUMIAlneg, 2557 ) [1]
http://subsites.dpt.go.th/edocument/images/pdf/sd_work/64/standard 1301-1302-61.pdf
wiind 27

[2] Panumas Saingam , Ryota Matsuzaki , Koki Nishikawa , Ben Sitler , Yuki Terazawa ,
Toru Takeuchi, Experimental dynamic characterization of friction brace dampers and

application to the seismic retrofit of RC buildings p.11
gﬂﬁ 2.3 AnuduNusTEnIUIarn19de3y (force-deformation curve) [3]

[3] Panumas Saingam , Ryota Matsuzaki , Koki Nishikawa , Ben Sitler , Yuki Terazawa , Toru
Takeuchi, Experimental dynamic characterization of friction brace dampers and

application to the seismic retrofit of RC buildings. p.7

[4] Sutcu F, Takeuchi T, Matsui R. Seismic Retrofitting Design Method of Existing RC
Buildings with Buckling Restrained Braces. J Constr Steel Res 2014;101:304-13.

gﬂﬁ 2.5 Conversion of SDOF model [6] ] Panumas Saingam , Ryota Matsuzaki , Koki Nishikawa
, Ben Sitler , Yuki Terazawa , Toru Takeuchi, Experimental dynamic characterization of

friction brace dampers and application to the seismic retrofit of RC buildings. P.9
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U7 2.6 Max Story Drift Angle [7] $19891naiisedl
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gﬂﬁ 2.7 Residual Story Drift Angle [8] 8198s9nemidaed
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